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Abstract 
The combinations of temperature and time which can cause chilling injuries in 
avocados ‘Geada’, ‘Quintal’ and ‘Fortuna’ were determined. The binomial 4°C/ 28 
days was selected to determine the activity of peroxidase (POD), polyphenoloxidase 
(PPO), polygalacturonase (PG) and methylesterase pectin (PME). The respiratory 
activity was also evaluated. The fruits were stored at this condition until being 
transferred to ambient conditions (22°C and 77% RH) until maturity, when they were 
compared to fruits stored permanently at this environment, after being cleaned 
(control). In the second part of this work, different hydrothermal treatments were 
tested to prevent or minimize chilling injuries. Avocados ‘Geada’, ‘Quintal’ and 
‘Fortuna’ were treated at 38°C for 0, 30, 60 and 90 minutes before storage at 4°C for 
28 days. It was observed that the activity of enzymes associated to browning, POD and 
PPO, and to maturation, PG and PME, had become greater in fruits stored at 4°C, or 
when they were transferred to environmental conditions. Fruits subjected to refrigera-
tion, after transferred to environment, presented lower respiratory peak intensity and 
it occurred earlier than the others. Treatments using 38°C for 60 and 90 min 
minimized the symptoms of chilling injury in avocados ‘Geada’ while for ‘Quintal’ the 
most efficient was 38°C for 60 min. In ‘Fortuna’ these treatments did not minimize the 
damage by cold. 
 
INTRODUCTION 
The avocado is a fruit of great importance worldwide and has been produced in 
almost all tropical and subtropical regions of the world with Brazil being one of the 
largest producers (Agrianual, 2008).  
Avocados ‘Geada’, ‘Quintal’ and ‘Fortuna’ are little known worldwide, but there is 
a possibility of them reaching this market, since they have lower oil content (5-15%) and 
can be considered relatively low calorie yet nutritious (Tango et al., 2004; Donadon, 
2009).  
To be exported to distant markets, there is a need for appropriate technology for the 
conservation of this fruit because they mature quickly after harvest. According to Kader 
(2002) cooling is still the most economical method for prolonging storage of fruits and 
vegetables. The appropriate temperature and period for the conservation of avocado varies 
with cultivar (Zauberman et al., 1973) because they have different sensitivities to cold. 
Sanxter et al. (1994), Woolf et al. (1995), and Ornelas-Paz and Yahia (2003) 
observed that heat treatment by water or air, can minimize or eliminate symptoms of 
chilling injury. 
This study aimed to determine the combinations of temperature and storage time, 
capable of causing chilling injury in avocados ‘Geada’, ‘Quintal’ and ‘Fortuna’. Also the 
potential use of hydrothermal treatment to minimize or eliminate this disorder was tested. 
 
MATERIALS AND METHODS 
 
Fruit Handling and Storage 
Combinations of temperature/time that can cause injuries were tested on avocados 
‘Geada’, ‘Quintal’ and ‘Fortuna’, harvested in the 2005-2006 season, in Jardinópolis, 
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Brazil (latitude 21°01’04” S and longitude 47°45’50” W), in physiologically mature 
stage, with greenish-opaque color and ease to separate from the mother plant. The fruits 
were selected by size and uniformity, washed with cold water and stored at 5±1°C (77% 
RH) and 11±1°C (76% RH) for 28 days. At 7, 14, 21 and 28 days, some fruits from each 
temperature was transferred to ambient conditions at 22+1°C (77% RH), until ripe. The 
fruits brought to the ambient were compared to control fruits, stored continuously at 22°C 
(77% RH) after cleaning. 
The variation in the peel and pulp appearance was evaluated every 2 days during 
refrigerated storage, as well as after transfer to ambient conditions. Control fruits were 
also evaluated every 2 days. The appearance was scored using a scale where: 5=excellent 
(no spots and typical coloration), 4=good (up to 5% of stains and typical color), 3=regular 
(60-20% of spots), 2=bad (with 21-40% of spots) and 1=poor (over 40% of spots and 
clear signs of senescence). This scale was also used to record changes in the appearance 
of the pulp. 
The respiratory activity was evaluated by 3 replicates of 2 fruits each and always 
with the same fruits (Sanches, 2006). Samples with 3 fruits were taken in duplicate and at 
random, every 7 days, during refrigerated storage, and every 2 days, when they were 
permanently exposed to the ambient. They were evaluated for peroxidase activity (POD, 
EC 1.11.1.7) and polyphenol oxidase (PPO, EC 1.10.3.1), determined in the supernatant 
of samples homogenized in potassium phosphate buffer 0.2 M, pH 6.7. The POD activity 
was determined by the method of Allain et al. (1974) reading at 505 nm (UAE=H2O2 
degraded mmol g-1 min-1). The PPO was established by the same method, using phenol as 
substrate and reading at 420 nm (UAE=degraded phenol mol g-1 min-1). The activity of 
polygalacturonase (PG, EC 3.2.1.15) was determined by the method of Leong and 
Ghazali (1987) and expressed as mg of released reducing sugars (U) g-1, determined by 
the method of Miller (1959). The pectinmethylesterase (PME, EC 3.1.1.11) was 
determined by the method proposed by Hultin et al. (1966) and also expressed as mg of 
reducing sugars (U) g-1 min-1. 
In the 2006-2007 season, avocados ‘Geada’, ‘Quintal’ and ‘Fortuna’, were 
harvested, cleaned, and stored at 4±1°C for 28 days, before being brought to environ-
mental conditions (22±1°C and 77% RH). Once transferred to the environmental 
conditions were compared to fruit permanently stored at a 22±1°C and 77% RH (control).  
 
Hydrothermal Treatments 
Fruits harvested in the 2006-2007 season were also tested different hydrothermal 
treatments to prevent or minimize chilling injuries. Avocados ‘Geada’, ‘Quintal’ and 
‘Fortuna’ were submitted to hydrothermal treatment (38°C) for 30, 60 and 90 min. Then 
the fruits were stored at 4°C for 28 days. They were evaluated every 7 days during 
refrigerated storage, by the evolution of skin and pulp appearance, and after being 
exposed to the environment, every 3 days, when they were compared with untreated fruits 
and stored at 4°C for 28 days (control). 
 
Statistical Analysis 
The results obtained during cold storage and after the transference of the fruits to 
environmental conditions were statistically treated by analyzed by analysis of variance 
and regression. The models were selected according to determination coefficient and its 
significance were done using test F.  
 
RESULTS AND DISCUSSION 
Storage at 4°C for a period of 14 days or more, led to the emergence of chilling 
injuries symptoms in avocados ‘Geada’, blackened spots on the peel, which affected its 
appearance (scored ≤2). These injuries also affected the appearance of the pulp, when 
6 days after being transferred to ambient its score was 2. The darkened spots on the peel 
also affected the appearance of avocados ‘Quintal’ after 10 days under refrigerated 
storage (score ≤3), and the pulp, after 28 days (score=2). When these fruits were 
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transferred to ambient, internal browning occurred in fruits stored for 14 days or more, 
whose appearance changed from score 5 to score 2 in 6 days. Avocados ‘Fortuna’ stored 
at 4°C did not change the peel of the fruits, until 21 days of storage, maintenance of good 
appearance (score 4). The pulp of these avocados was damaged by darkened spots which 
changed the appearance from score 5 to 3, 4 days after the transfer to the ambient. 
Avocados ‘Geada’, ‘Quintal’ and ‘Fortuna’ were injured by storage at 11°C. 
At the second part, the POD activity remained at 1.038 UAE for avocados 
‘Geada’, 1.799 UAE for ‘Quintal’ and 1.603 UAE for ‘Fortuna’, during storage at 4°C for 
28 days. When the avocados ‘Geada’ were brought to the ambient, the POD activity also 
remained unchanged, both in darkened areas (1.276 UAE) and in non-darkened 
(1.084 UAE), which also occurred in avocados ‘Quintal’ (1.240 UAE; and 1.8430 UAE). 
When the avocados ‘Fortuna’ were brought to the ambient conditions, the activity 
decreased linearly with time in darkened areas, from 0.7515 to 2.161 UAE, while in non-
darkened it remained unchanged (1.382 UAE). Only for fruits kept at permanently at 
ambient conditions (control), the peroxidase activity remained at 1.339 UAE in avocados 
‘Geada’, 1.417 UAE for ‘Quintal’ and 1.517 UAE for ‘Fortuna’. The activity of this 
enzyme was shown to be higher in darkened areas, after transferring the fruit to the 
ambient, and with similar values of the control fruits. Zauberman et al. (1985) observed a 
decrease in activity of this enzyme in avocados ‘Fuerte’, brought to the ambient and 
symptoms of chilling injury. Sanches (2006) observed reduction in activity of POD in 
avocados ‘Quintal’ and ‘Fuerte’ and an increase in ‘Hass’ in the damaged areas by 
mechanical injuries. 
The PPO activity also remained unchanged in avocados ‘Geada’ and ‘Quintal’, 
kept at 4°C for 28 days, with values of 0.653 and 0.635 UAE, respectively. For avocados 
‘Fortuna’, the enzyme activity increased linearly from 0.459 to 0.728 UAE. After being 
transferred to ambient conditions, the PPO activity did not change with time, with values 
of 0.566-0.570 UAE in avocados ‘Geada’, 0.636 UAE for ‘Quintal’ and 0.586-0.595 UAE 
for ‘Fortuna’. 
Control fruits of ‘Geada’ had a PPO activity of 0.563 UAE, while ‘Quintal’ had 
0.480 UAE and ‘Fortuna’, 0.469 UAE. This activity was lower than the ones presented by 
the fruits brought to ambient conditions after being refrigerated, indicating greater 
intensity of oxidation of the phenolic compounds in fruits under refrigeration. Increase in 
PPO activity was also reported by Sanches (2006) in avocado ‘Hass’, ‘Fuerte’ and 
‘Quintal’, stored under the same ambient conditions. 
The respiratory activity decreased from 26.85-30.49 to 4.48-5.59 ml CO2 kg-1 h-1 
after 2-7 days of storage at 4°C, for then stabilizes. After transfer to ambient conditions, 
respiration increased to reach the climacteric peak and then declined, in anticipation of 
this peak, when compared to the control (Fig. 1), indicating that during refrigeration the 
metabolism was not worried. Similar behavior was reported by Vieira (1985), in the 
avocados ‘Clone II’ stored at 0-5°C. The PG activity remained constant in fruits stored at 
4°C (‘Geada’=95.3 U g-1, ‘Quintal’=50.48 U g-1, ‘Fortuna’ = 71.03 U g-1), but when they 
were transferred to ambient, it only increased in ‘Geada’, then it decreased, as well as 
with control fruits. In avocados ‘Quintal’ and ‘Fortuna’ transferred to the ambient, the 
increased activity of this enzyme was more significant than in control fruits and it was 
also anticipated (Fig. 2). Zauberman and Jobin-Decor (1995) also found increased activity 
of this enzyme in avocado ‘Hass’ stored at ambient, after being stored at 2, 5 or 8°C for 
4 weeks, as well as by Sanches (2006) in avocado ‘Hass’, ‘Fuerte’ and ‘Quintal’, stored at 
ambient conditions.  
The PME activity remained constant during refrigerated storage (‘Geada’= 
1056.07 U g-1 min-1, ‘Quintal’=2809.03 U g-1 min-1 and ‘Fortuna’=982.15 U g-1 min-1). 
Once transferred to ambient conditions, the activity was reduced in areas not darkened, 
which also occurred in control fruits, but remained constant in the areas damaged by cold. 
In avocados ‘Geada’ and ‘Quintal’, the PME activity was higher in fruits of control until 
the fourth day of storage, from which was reduced in the darkened areas of fruits 
submitted to cooling. ‘Fortuna’ avocados had a lower activity in control fruits (Fig. 3). 
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These results do not reaffirm those reported by Zauberman et al. (1995), who found an 
increase in PME activity in avocado ‘Hass’ kept at ambient, after stored at 2, 5 and 8°C 
for 4 weeks. Reduction was also reported by Vieira (1985), when stored fruits of ‘Clone 
II’ and Sanches (2006), avocado ‘Hass’, ‘Geada’ and ‘Quintal’ stored at the same ambient. 
The hydrothermal treatment did not inhibit the onset of chilling injury symptoms 
in avocados ‘Geada’, ‘Quintal’ and ‘Fortuna’, such as spots on the peel and browning on 
the flesh, which affected its appearance. The treatments at 38°C for 60-90 min minimized 
these symptoms and maintained better appearance in avocados ‘Geada’, while in ‘Quintal’ 
the most effective was 38°C for 60 min. Avocados ‘Fortuna’ kept good (score=5-4) while 
being kept refrigerated, but when transferred to ambient, it deteriorated rapidly (Table 1). 
 
CONCLUSIONS 
Storage at 4°C led to changes in the metabolism of avocados ‘Geada’, ‘Quintal’ 
and ‘Fortuna’, whose symptoms have damaged the appearance of the fruit, reducing it to 
scores “bad” or “poor”. The increase in the activity of POD and PPO in the fruit during 
cold storage, or when they were brought to the ambient conditions, must be the cause of 
this darkening. Hydrothermal treatments at 38°C for 60-90 min. minimized the symptoms 
of injuries in ‘Geada’, while in ‘Quintal’, the most efficient treatment was 38°C for 
60 min. For avocados ‘Fortuna’, hydrothermal treatments did not minimize the effects of 
chilling injury. 
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Tables 
 
Table 1. Variation in the appearance of the peel and pulp in avocados ‘Geada’ (G), 
‘Quintal’ (Q) and ‘Fortuna’ (F) hydrothermally treated before storage at 4°C for 28 
days, and then transferred to ambient conditions at 22°C as well as in fruits constantly 
stored at ambient, control. 
 
Time 
(days) 
Control1 38°C/30 min 38°C/60 min 38°C/90 min 
G Q F G Q F G Q F G Q F 
Peel 
Stored at 4°C (77% RH) 
0 5* 5 5 5 5 5 5 5 5 5 5 5 
7 4 4 5 4 4 5 4 4 5 5 4 5 
14 2 3 4 3 4 4 4 4 4 4 3 4 
21 2 3 4 2 4 4 3 4 4 4 3 4 
28 2 3 4 2 4 4 3 4 4 3 3 4 
Stored at ambient conditions at 22°C (79% RH) 
0 2 3 4 2 4 4 3 4 4 3 3 4 
3 1 2 4 2 3 4 3 3 4 3 3 4 
6 1 2 1 1 2 1 1 2 1 1 2 1 
9 1 1 - 1 1 - 1 1 - 1 1 - 
Pulp 
Stored at 4°C (77% RH) 
0 5 5 5 5 5 5 5 5 5 5 5 5 
7 5 5 5 5 5 5 5 5 5 5 5 5 
14 5 5 5 5 5 5 5 5 5 5 5 5 
21 5 4 5 5 5 5 5 3 5 5 4 5 
28 5 3 4 5 3 4 5 3 4 5 1 2 
Stored at ambient conditions at 22°C (79% RH) 
0 5 3 4 5 3 4 5 3 4 5 2 4 
3 5 3 2 5 4 2 5 3 2 5 3 2 
6 3 2 1 3 2 1 4 1 1 3 1 1 
9 2 1 - 2 1 - 2 1 - 1 1 - 
* 5=excellent (no spots and typical coloration), 4=good (up to 5% of stains and typical color), 3=regular 
(60-20% of spots), 2=bad (with 21-40% of spots) and 1=poor (over 40% of spots and clear signs of 
senescence). 
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Figurese 
 
 
 
 
Fig. 1. Variation in respiratory activity in avocados ‘Geada’ (A), ‘Quintal’ (B) and 
‘Fortuna’ (C) transferred to ambient conditions at 22°C (77% RH), after storage at 
4°C (89% RH) for 28 days, just as in fruit stored at ambient conditions of 22°C 
(77% RH), control. 
 
 
 
 
 
 
 
 
 
Fig. 2. Variation in polygalacturonase activity (PG) in avocados ‘Geada’ (A), ‘Quintal’ 
(B) and ‘Fortuna’ (C) transferred to ambient conditions at 22°C (77% RH), after 
storage at 4°C (89% RH) for 28 days, just as in fruit stored at ambient conditions 
of 22°C (77% RH), control. 
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Fig. 3. Variation in the activity of pectinmethylesterase (PME), in avocados ‘Geada’ (A), 
‘Quintal’ (B) and ‘Fortuna’ (C) transferred to ambient conditions at 22°C (77% 
RH), after storage at 4°C (89% RH) for 28 days, just as in fruit stored at ambient 
conditions of 22°C (77% RH), control. 
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